Introduction
The corn planit as it is grownl in the corn belt is subject (1) to accidental injuries by man and his implements; (2) to destruction of tissues by insects and rodents; anid (3) to rough treatment by lnature in the tearing and twistinig by strong winds, and in the beating and bruising action of rain and hail. This report deals with losses due to mutilationis of the type caused by hailstorms.
Unfortunately hail does not injure certain rows of corn alnd leave the adjoining rows uniinjulred so that losses can be accurately compared and measured. Definite iniformation of this kind cani be obtainied onlly from planned experimelnts. It is difficult if not impossible, however, to treat corni plants artificially in a way that accurately duplicates the injury caused by natural hailstorms. Notwithstandinig the elemenit of inaccuracy, experiments of the type here described are believed to be the best means of extending our knowledge of the degree of functional derangement due to injuries of a definite type and severity.
Nature of injury caused by hail
Hailstorms damage small corn plants mainly by shreddino and beating off the blades. Large hailstones, if they strike small plants near the surface of the soil, mayv break them at the ground level.
With large plants hail causes injury by splitting the blades and by tearing away entire blades or portions of blades. Hailstones also bruise the stalks with a consequent interference with the movement of materials withini the plant ( fig. 1 ). If the hail occurs at pollination time, it may seriously interfere with normal fertilization of the kernels through the destruction of the functioning organs of the tassels and silks. Storms later in the season may result in direct damage to the developing ears. These may be knocked from the plant by large hailstones striking the supporting shank, or more frequently the corn on the cob may be bruised through the husk. Sometimes the impact is so great as to mash the immature kerniels. Molds usually follow such injuries, especially if the ear is ill the blister or milk stage.
VALGREN (15) shows that the geographic division of the country including Illinois, Indiana, Michigan, Ohio, and Wisconsin suffered, as a 10-year average for 1909-1918, the smallest reduction in corn yield due to hail of any similar sized section of the United States. Although this reduction amounts to only 0.25 per cent. of the total crop, or 2,800,000 bushels, nevertheless, taken from a few growers, it represents a serious loss.
Experiments of other investigators
In some localities it is, or used to be, a common practice to cut off the corn plant just above the ear and use the cured tops for live-stock feeding. Topping is occasionally accompanied with stripping of the blades from that portion of the stalk below the ear. Stripping is sometimes practiced without topping. In order to obtain the tops and blades when they are high in feeding value, they are usually taken from the plant when the grain reaches the glaze or early dent stage.
CONNELL (1), TRACY and LLOYD (13) , NEWAMAN (9) , and HUNT (8) found SAYRE, MORRIS, and RICHEY (11) found that the reduction of the leaf area of corn plants was associated with a decrease in the total sugar content of the stalk.
STEGGERDA (12) found that corn plants which had been injured produced less grain than uninjured plants, and the reduction in yield increased with the increasing number of blades removed.
CULPEPPER and MAGOON (2), DUNGAN (4, 5) , ELDREDGE (6) , and HUME and FRANZKE (7) found that the removal of all blades from corn plants at tasseling time produced the greatest reduction in yield. The greatest injury to the quality of grain resulted from defoliations made just after the silks had turned brown. Splitting and shredding the blades and breaking the midribs, or otherwise mutilating the blades if they were not entirely severed from the plant, did not result in such great yield reductions as did leaf pruning. It seemed that no matter into how many shreds the blades were torn, as long as the parts were attached to the plant they were capable of functioning in grain formation.
Methods
In the first artificial hailing experiments at Illinois, the hail-like injury was inflicted with a whip made of a bundle of 20-inch lengths of baling wire. By striking the blades and stalks with the end of this whip, a wound resembling both a bruise and a tear was produced.
Since it was believed that the main source of injury from hail was probably the reduced blade area, most of the later treatments involved leaf FIG (fig. 2) .
When it was desired to remove one average blade from each plant in a certain row, the lowest green blade was clipped from the first plant, the second blade from the second plant, the third blade from the third plant, and so on for twelve plants, twelve being the average number of blades on the plants. The process was repeated beginning with the thirteenth plant, from which the lowest blade was removed.
Two blades were removed from each plant by cutting off the first and sixth from the first plant, the second and seventh from the second, the third and eighth from the third, and so on. Another series was treated by removing three blades from each plant, another by removing four, and so on to the last row, which had all blades removed. These treatments were administered at different stages in the plant 's development. The appearance of the plants with three, eight, and all blades removed is shown in figure 2 .
Other the degree to which the test weight was lowered did not correspond to the yield reduction, owing to the ability of the less mature plants to adjust the size of ear to the greatly reduced photosynthetic area of the plant. This adjustment was brought about in three different ways. When the blades were removed before or just as the shoot emerged, the size of the cob was greatly reduced and only a comparatively few ovules and silks developed ( fig. 5 A) . When the ovules had been fertilized at the time of treatment, the immature blister-like kernels on the tip of the ear failed to receive further nourishment and therefore were sacrificed in favor of the kernels at the butt ( fig. 5 B) . Under some conditions, the kernels on the lower side of the ear as it hangs on the stalk failed to develop. Reduction of leaf area tended to weaken the shank so that the tip of the ear hung downward, thus inadequately exposing the silks on the under side of the ear to pollen. This resulted in an ear with rows of kernels missing owing to lack of fertilization ( fig. 5 C) . When all blades were removed, further development of the kernels was seriously checked. The ear on the left in figure 5 D was produced on a plant that had all blades clipped off when the grain was in the blister stage. Obviously such almost complete cessation of the filling process would have a great effect upon the quality as well as upon the quantity of the grain.
The bruising action of hailstones markedly affected quality of grain. A reduction in yield resulted when as small a leaf area as 8.3 per cent., which represents one average leaf per plant, was removed. The severity of the injury was roughly in proportion to the number of leaves removed. Eveni though the data are irregular it may be concluded that the stage of plant development, with the exception of the early dent stage, had little influence upon the yield reduction up to and including the removal of 25 per cent. of the leaves. Losses in the tassel, fresh silk, and early blister stages ran closely together up to the removal of 66.7 per cent. of the blades. left with which to form grain. With a decreasing supply of carbohydrates available as an increasing number of blades are cut away, the amount remaining to form grain would be disproportionately reduced. Thus the increased efficiency of the remaining blades tending to hold the yield up, and the constant maintenance demand exerting a drain on the elaborated food to the very last, result in a graph of yield reduction that resembles an exponential curve.
INFLUENSCE OF REMOVING DIFFERENT PARTS OF BLADES
Since hail riddles the tips of blades badly and usually breaks off pieces of the outer portions, a test was made to determine whether there is any difference in the efficiency of the different parts of the blades. Tdable VI shows the reduction in yield following the removal of one-half the blade area in three different wvays. The outer half of each blade was cut off, one side of the lamina of each blade was torn away, and six average blades were removed. The tests in 1928 included cutting out sections 4 inches long on alternate sides of the midrib. Because of the ease with which the In the main the yield reduction was practically the same for all three methods of taking off half the leaf area, as shown by the data in table VI. There seemed, however, to be a tendency for the removal of the outer half of each blade to be less injurious than the tearing away of one side of each blade or the cutting away of half the number of leaves. Since the tests conducted the year previous (5) with a different variety of corn showed the removal of the tip half of the blades to be slightly more severe than the other methods of removing half the leaf area, it is believed that less than half of the blade area was removed in the 1929 experiment. The blades of the variety designated F1365, used in 1929, were very wide at the base and it would be easy to make this error. At any rate it seems justifiable to conclude that it is mainly the percentage of blade area destroyed at any one time that influences the yield, rather than the particular portion of the blade that is destroyed.
One of the most common types of injury resulting from hailstorms is the shreddiing of the blades and the tearing of the laminae of the leaves from the midrib. In order to see how harmful this type of mutilation is, plants were treated by stripping the sides of the blades from the midrib but leaving them attached to the plants at the base ( fig. 3 C) Since the breakinig of shanks is influenced both by the size of the ear and by the strength of supporting tissue, extremely early blade removal would be expected to result in a low percentage of broken shanks because the ears were too small to break them over. When the blades were removed after the ears had developed partially, the weight was sufficient to overtax the strength of the shanks. It is evident that the strengthening fibers of the shanks reach their final development rather late in the growing period, for blade removal when the grain was in the early dent stage resulted in no increase in percentage of broken shanks.
ESTIMATING LOSSES FROM HAIL
The problem of estimatinig losses resulting from hail iinjury involves a number of considerations. It is difficult to adjust for deteriorations in quality of grain except for the increase in percentage of rotted ears. This can be judged only by husking and examining the ears a considerable time after the storm. It probably is not desirable to attempt to ascertain the loss in quality as expressed by test weight per bushel. Feeding experiments reported by RUSK and SNAPP (10) indicate that the dry matter in well preserved, immature corn has practically as high a nutritive value, pound for pound, as the dry matter in sound, mature corn. Natural hailstorms inflict injury of so many types and degrees of severity that it is next to impossible to duplicate them in experimental tests. The following types of damage may occur in combination on the same plant: (1) loss of blades or portions of blades, (2) shredding of the leaf portions remaining on the stalk, (3) part or all of the midribs broken, and (4) stalks and developing ears more or less severely bruised. Add to this the fact that the severity of natural hail usually varies in different parts of even a small field and the problem of correctly determining the loss appears difficult indeed.
Results of these investigations offer some assistance, however, in that they show the percentage loss in yield that may be expected to follow the removal of a given percentage of the leaf area. Furthermore, they show rather definitely the stage of development at which the corn plant is most susceptible to injury.
The data show that of the factors studied the destruction of blades exerts the greatest influence in the direction of yield reduction. Shredding the laminae from the midrib, even though every blade be so treated, produced a maximum yield reduction of only 25 per cent. The work of ascertaining the amount of leaf area destroyed may be
